Introduction
============

Esophageal carcinoma is the sixth most common cause of cancer-associated mortality worldwide, with a 5-year survival rate of 15--25% in 2000 ([@b1-ol-0-0-7188]). The incidence and mortality of esophageal cancer are the fifth and fourth in China, respectively; it is particularly prevalent in rural areas ([@b2-ol-0-0-7188]). Esophageal squamous cell carcinoma (ESCC) is more prevalent than esophageal adenocarcinoma (EAC); it is the predominant form of esophageal cancer worldwide and in Asia, with \>100 cases per 100,000 population annually in 2000 ([@b3-ol-0-0-7188]). Although epidemiological studies indicate that tobacco smoking and alcohol consumption are the primary behavioral risk factors for ESCC, not all tobacco and alcohol users ultimately develop ESCC ([@b4-ol-0-0-7188]). Genetic risk factors, including single nucleotide polymorphisms, may also affect the susceptibility to ESCC ([@b4-ol-0-0-7188],[@b5-ol-0-0-7188]). The methods by which esophageal cancer typically progresses include direct infiltration, lymphatic metastasis and hematogenous dissemination. Current treatment modalities include surgery, radiotherapy, chemotherapy or combinations of these treatments; however, the 5-year survival rate of parents with ESCC remains unsatisfactory ([@b3-ol-0-0-7188]). Identifying novel valid tumor esophageal cancer biomarkers, that may potentially be used to achieve early diagnosis, identify therapeutic targets, evaluate the effects of therapy and predict prognosis, is an emerging field ([@b3-ol-0-0-7188]). The human immune system aids the resistance and elimination of tumors and can influence esophageal carcinogenesis, with the most pivotal antitumor immune response mediated by T lymphocytes ([@b6-ol-0-0-7188],[@b7-ol-0-0-7188]). Therefore, polymorphisms in immune response-associated genes and corresponding proteins that regulate the activation and proliferation of T lymphocytes may contribute to ESCC pathogenesis ([@b8-ol-0-0-7188]).

Similar to other members of the T-cell immunoglobulin and mucin domain-containing protein (TIM) family, TIM-3 has a structural organization that includes an N-terminal immunoglobulin V (IgV) domain, amucin domain, a transmembrane domain and a cytoplasmic tail, which is selectively expressed by interferon-γ (IFN-γ)-secreting CD4^+^ T helper 1 (Th1), CD8^+^ T cytotoxic 1 (Tc1) T cells and on cells of the innate immune system ([@b9-ol-0-0-7188]--[@b12-ol-0-0-7188]). TIM-3 binds to its ligand galectin-9, which can induce apoptosis in Th1 cells to downregulate effector Th1/Tc1 cell responses and suppress, as well as induce, peripheral tolerance ([@b13-ol-0-0-7188],[@b14-ol-0-0-7188]). Monoclonal antibodies can block the immune checkpoint pathway, which acts on T-cell inhibitory or immune checkpoint receptors; immunotherapy has demonstrated as an effective strategy for the treatment of cancer ([@b15-ol-0-0-7188]). TIM-3 is expressed by the majority of suppressed or dysfunctional T cell populations, including CD8^+^ T cells and Tregs, which exert key roles in immunosuppression in tumor tissue based on preclinical trials ([@b16-ol-0-0-7188]--[@b18-ol-0-0-7188]). Evidence indicates that TIM-3 represents a critical immune checkpoint in various types of malignancy ([@b16-ol-0-0-7188]--[@b19-ol-0-0-7188]). Compared with the cytotoxic T lymphocyte antigen or programmed cell death-1, which are expressed on all T cells, TIM-3 is selectively expressed on IFN-γ-producing T cells and is likely to be expressed primarily by intratumoral T cells in patients with cancer ([@b20-ol-0-0-7188]--[@b22-ol-0-0-7188]). Therefore, targeting TIM-3 could reduce the risk of adverse autoimmune-like toxicity ([@b22-ol-0-0-7188]). In addition, it has been demonstrated that the knockdown of TIM-3 in tumor cells can weaken their proliferative and invasive ability ([@b23-ol-0-0-7188]). Evidence indicates that TIM-3 may have a direct role in the occurrence and progression of tumors as it has been observed on tumor cells; it may accelerate oncogenesis, proliferation and invasion of the tumor cells directly or act via immune inhibition ([@b23-ol-0-0-7188],[@b24-ol-0-0-7188]).

The inhibitory capacity of TIM-3 was previously assessed by identifying the effect of the blockade of the interaction of TIM-3 with one or more of its ligands ([@b25-ol-0-0-7188]). Of these ligands, TIM-3 deficiency decreased the galectin-9-mediated apoptosis of Th1 cells by \~40% ([@b26-ol-0-0-7188]), which indicates that galectin-9 has multiple target molecules in addition to TIM-3 ([@b14-ol-0-0-7188]). Further evidence revealed that galectin-9 acts independently of TIM-3 in influencing T cell function ([@b27-ol-0-0-7188]). Conversely, another study refuted this, reporting thatgalectin-9 and TIM-3 may both serve roles in regulating T cell responses ([@b28-ol-0-0-7188]). Galectin-9 is widely expressed on the surface of cells and in the cytoplasm, and may interact with TIM-3 by binding to ligosaccharides present on the TIM-3 IgV domain. IFN-γ can promote the expression of galectin-9. Previous research demonstrated that the rate of cell death in TIM-3^+^ Th1 cells decreased and caused a consequent decline in IFN-γ production when galectin-9 was bound by TIM-3. Thus, the TIM-3-galectin-9 pathway has an inhibitory effect on T cells ([@b14-ol-0-0-7188],[@b29-ol-0-0-7188]).

Blockade of the TIM-3-galectin-9 signal pathway may additionally interact with the external mechanism of interference of T cells in immunosuppression. However, it has yet to be identified whether TIM-3 and galectin-9 are expressed in ESCC tumors and their roles in ESCC. The present study aimed to investigate the association between the expression level of TIM-3 and galectin-9 with a range of clinicopathological characteristics and patient survival time in ESCC patients, in order to investigate the potential prognostic significance of TIM-3 and galectin-9 in ECSS in Chinese patients.

Materials and methods
=====================

### Clinical samples

Postoperative pathological specimens from 45 patients diagnosed with ESCC who received surgery at the Affiliated Tumor Hospital of Zhengzhou University (Zhengzhou, China) between January 2008 and December 2009 were included the present study. All clinicopathological data was gathered by reviewing medical records and conducting telephone interviews. No patients received radiotherapy or chemotherapy prior to curative resection, from which samples were obtained. Following surgery, patients received postoperative adjuvant therapies and follow-ups regularly in line with National Comprehensive Cancer Network (NCCN) guidelines ([@b30-ol-0-0-7188]). Patient age ranged from 46--72 years (median, 58 years). The basic information of the 45 ESCC patients is presented in [Table I](#tI-ol-0-0-7188){ref-type="table"}. Tumor pathological specimens were used in the immunohistochemical (IHC) assays. All patients agreed to inclusion in the present study, providing written informed consent. The present study was also approved by the ethics committee of the Affiliated Tumor Hospital of Zhengzhou University.

### Follow-up

To determine the condition of each patient, medical records were reviewed or telephone interviews conducted every 3 months for the first year, every 6 months for the second year and annually thereafter. The primary end point was patient mortality, from which overall survival (OS) time was calculated, defined as the time from the date of resection until death; the secondary endpoint was the last follow-up.

### IHC staining

Formalin-fixed, paraffin-embedded tissue samples were cut into sections of 4-µm thickness, heated at 60°C overnight and then deparaffinized and rehydrated using a graded alcohol series: xylene I-xylene II-absolute ethanol I-absolute ethanol II-95% ethanol-90% ethanol-80% ethanol-70% ethanol. Sections were then boiled for 30 sec in 10 mmol/l sodium citrate buffer (pH 6) in a high-pressure boiler. Following the blocking of the endogenous peroxidase activity with 3% hydrogen peroxide for 10 min at room temperature, slides were washed with 0.01 mol/lPBS for 3 min. Following incubation with the primary human galectin-9 polyclonal antibody (dilution, 1:250; ab69630; Abcam, Cambridge UK) and Tim-3-phycoerythrin (dilution, 1:200; 565560; BD Biosciences, Franklin Lakes, NJ, USA), respectively, for 1 h at room temperature, biotinylated goat anti-rabbit immunoglobulin (Ig)G (1:200; cat. no. NB7183; Novus Biologicals, LLC, Littleton, CO, USA) was added for 30 min at 37°C. Then the slides were washed with PBS, and counterstained with a diaminobenzidine peroxidase substrate kit (Gene Tech Biotechnology Co., Ltd., Shanghai, China). Hematoxylin and eosin staining was used to evaluate histopathological expression for 1 min at room temperature.

### Evaluation of IHC results

The expression of TIM-3 and galectin-9 were evaluated with an optical microscope by two independent pathologists who were unfamiliar with the clinical data of patients and images were captured. To calculate the expression intensity of TIM-3 and galectin-9, representative areas of the stained regions were selected under low-power microscopy (magnification, ×100), and high-power microscopy (magnification, ×400) was used to count TIM-3 and galectin-9 positive cells in 5 fields of view using a Leica DMI 4000B inverted research microscope (Leica Microsystems GmbH, Wetzlar, Germany). As negative controls, the tumor slices were treated with distilled water instead of primary antibody and horseradish-conjugated goat anti-rabbit IgG (1:200; NB7183; Novus Biologicals, LLC) was used instead of the secondary antibody for 30 min at 37°C; all negative controls showed negligible background staining. The percentage of TIM-3-positive and galectin-9-positivecells in ESCC samples were counted and the immunostaining intensity quantified. According to the semi-quantitative HSCORE system (score=stain intensity × mean percentage of stained cells), the stain intensity was ranked into 4 grades: No staining=−, weak staining=+1, moderate staining=+2 and strong staining=+3.0 were pointed as negative (−), 1 as weakly positive (+), 2 as moderately positive (+ +), ≥3 as strong positive (+ + +). Those≥3 points were considered to be positive, the rest were considered to demonstrate negative expression. The percentage of stained cells was identified concurrently. If the final results from the two pathologists were not consistent, specimens were reviewed together until a consensus was agreed upon.

### Statistical analysis

SPSS 19.0 statistical software (IBM Corp., Armonk, NY, USA) was used to analyze all statistical data. χ^2^ test and Spearman\'s rank correlation coefficient were used to analyze differences in classified variables between groups and the correlation between the expression level of TIM-3 and galectin-9, respectively. The OS rate was assessed using the Kaplan-Meier method; survival differences were evaluated using the log-rank test. Univariate and multivariate analyses of prognostic factors for survival were performed using Cox\'s proportional hazards model. P\<0.05 was considered to indicate a statistically significant difference.

Results
=======

### IHC results of TIM-3 and galectin-9 expression in ESCC tissues

Expression levels of TIM-3 and galectin-9 were investigated by IHC analysis. TIM-3 and galectin-9 are expressed in a variety of cells in the immune system and have also been identified in certain types of tumor ([@b24-ol-0-0-7188]). It was assessed whether TIM-3 and galectin-9 are also expressed in ESCC tissues ([Figs. 1](#f1-ol-0-0-7188){ref-type="fig"} and [2](#f2-ol-0-0-7188){ref-type="fig"}). On the basis of the positive expression intensity of cancer cells, the protein levels of TIM-3 and galectin-9 were quantified. Of the 45 cases, TIM-3 protein levels were of +3 staining intensity (TIM-3 high-expression group; TIM-3-HEG) in 10 cases (22.22%) and 35 cases (77.78%) were of lower staining intensity (TIM-3 low-expression group; TIM-3-LEG), of which 11 cases were +2, 23 cases were +1 and 1 case was 0. Concerning galectin-9 expression levels, 7 cases (15.56%) were of +3 staining intensity (galectin-9-HEG) and 38 cases (84.44%) were of lower staining intensity (galectin-9-LEG), including 14 cases that were +2, 13 cases that were +1 and 11 cases that were 0.

### Association between TIM-3 and galectin-9 expression, and clinicopathological factors

The association of TIM-3 or galectin-9 expression with a variety of associated clinicopathological factors influencing the prognosis in ESCC was investigated. The outcomes are included in [Table I](#tI-ol-0-0-7188){ref-type="table"}. There were no significant statistical differences in age between the HEGs and LEGs for TIM-3 and galectin-9. Additionally, other clinical pathological characteristics, including tumor differentiation, Tumor-Node-Metastasis (TNM) stage (the seventh edition of AJCCTNM staging of esophageal cancer) ([@b31-ol-0-0-7188]), lymph node metastasis status and tumor size, were also not significantly associated with TIM-3 and galectin-9.

### Rank correlation between TIM-3 and galectin-9 expression

Of the 45 ESCC specimens, 3 were TIM-3-HEG and galectin-9-HEG, 7 were TIM-3-HEG and galectin-9-LEG, 4 were TIM-3-LEG and galectin-9-HEG and 31 were TIM-3-LEG and galectin-9-LEG. Through a Spearman\'s rank correlation test, it was determined that expression of the two proteins exhibited a significant negative correlation (R=−0.71, P\<0.001). The results of this analysis are included in [Table II](#tII-ol-0-0-7188){ref-type="table"}.

### Association between TIM-3, galectin-9 and disease-specific survival time

Survival analysis with the Kaplan-Meier method revealed that patients in the TIM-3-HEG attained a significantly shorter disease-specific survival time than those in the TIM-3-LEG (χ^2^=6.049, P=0.0139; [Fig. 3](#f3-ol-0-0-7188){ref-type="fig"}); however, patients in the galectin-9-HEG exhibited a significantly higher disease-specific survival time relative to those in the galectin-9-LEG (χ^2^=4.915, P=0.0266; [Fig. 4](#f4-ol-0-0-7188){ref-type="fig"}). To assess the effect of clinical pathological characteristics on the survival time for patients with ESCC, a univariate analysis was conducted. As included in [Table III](#tIII-ol-0-0-7188){ref-type="table"}, TNM stage was a significant risk factor for patients with ESCC (P\<0.001). To study the independent factors affecting the prognosis among all the clinicopathological characteristics, Cox\'s proportional regression analysis was used ([Table IV](#tIV-ol-0-0-7188){ref-type="table"}), which revealed that TIM-3 and galectin-9 expression were not independent factors affecting patient prognosis (TIM-3 expression hazard ratio, 1.102; 95% confidence interval, 0.292--4.157; P=0.886 and galectin-9 expression hazard ratio, 0.905; 95% confidence interval, 0.189--4.322; P=0.900).

Discussion
==========

The results of the present study revealed that the expression levels of TIM-3 and galectin-9 ranged from low to high among different specimens of ESCC tumors. The disease-specific survival rate differed significantly between TIM-3-LEG and HEG, and similarly between galectin-9-LEG and HEG.

Although there no association was observed between TIM-3 or galectin-9 expression and clinicopathological parameters associated with the prognosis of patients with ESCC, including the TNM stage, lymph node metastasis, tumor size, depth of invasion, pathological type, differentiation and patient age, the disease-specific survival time differed significantly depending on the expression levels of TIM-3 and galectin-9. The results of the present study are in accord with previous similar studies in breast cancer and gastric cancer ([@b24-ol-0-0-7188],[@b32-ol-0-0-7188]). A study by Cao *et al* ([@b23-ol-0-0-7188]) revealed that the migratory and invasive ability of HeLa cells was markedly reduced by the knockdown of TIM-3 expression, demonstrating that TIM-3 expression may be associated with tumor metastasis. TIM-3 has also been demonstrated to exert a direct role in promoting the occurrence and development of certain types of tumor, including cervical, gastric and colon cancer ([@b23-ol-0-0-7188],[@b24-ol-0-0-7188],[@b33-ol-0-0-7188]). The results of the present study were not consistent with the previous reports. A role for TIM-3 in ESCC was not explicitly identified, which may be associated with the small sample of TIM-3-HEG tumors.

All patients obtained further treatment following surgery, as per NCCN guidelines. Therefore, TIM-3 and galectin-9 could represent novel molecular markers to forecast the response of patients to ESCC treatments. In recent years, studies have aimed to identify potential ESCC risk factors and strategies to interfere with them, and at the time of writing, few markers have been identified that maybe used as predictors of ESCC patient prognosis, including interleukin 6 ([@b34-ol-0-0-7188]), early mitotic inhibitor-1 ([@b35-ol-0-0-7188]) and X-ray repair cross complementing 5 ([@b36-ol-0-0-7188]). However, the pathogenesis of ESCC cannot be adequately predicted using the current criteria for risk factors ([@b37-ol-0-0-7188],[@b38-ol-0-0-7188]). It is therefore necessary to search for more accurate and specific indexes to evaluate the occurrence, development or prognosis of ESCC.

Previous studies have identified that TIM-3 and galectin-9 expression levels may be associated with patient prognosis in other types of human cancer ([@b23-ol-0-0-7188],[@b24-ol-0-0-7188],[@b32-ol-0-0-7188],[@b33-ol-0-0-7188]), but the association between them and the prognosis of ESCC is not clear. Therefore, the purpose of the present study was to assess whether TIM-3 and galectin-9 were suitable as prognostic molecular markers for ESCC. In this experiment, it was concluded that TIM-3-HEG andgalectin-9-LEG were associated with shorter disease-specific survival times for Chinese patients with ESCC. TIM-3-HEG is a poor prognostic factor for ESCC, which is consistent with the review by Anderson ([@b22-ol-0-0-7188]).

To conclude, the present study identified that the expression levels of TIM-3 and galectin-9 varied in ESCC, and that the high expression of TIM-3 or the low expression of galectin-9 may indicate a poor prognosis for patients with ESCC. The data of the present study indicated that TIM-3 and galectin-9 may be suitable for development as novel biomarkers in ESCC.
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###### 

Patient characteristics, and their association with TIM-3 or galectin-9 expression.

                                       TIM-3, n                 Galectin-9, n                       
  ----------------------- ------------ ---------- ----- ------- --------------- ----- ----- ------- -------
  Total                   45           10         35                              7   38            
  Sex                                                   0.495   0.482                       0.000   0.984
    Female                13 (28.89)     2        11                              2   11            
    Male                  32 (71.11)     8        24                              5   27            
  Age, years                                            0.319   0.572                       2.899   0.089
    \<60                  26 (57.78)     5        21                              2   24            
    ≥60                   19 (42.22)     5        14                              5   14            
  Tumor size, cm                                        3.401   0.065                       2.445   0.118
    \<4                   20 (44.44)     7        13                              5   15            
    ≥4                    25 (55.56)     3        22                              2   23            
  Lymph node metastasis                                 0.294   0.588                       0.534   0.465
    Yes                   14 (31.11)     4        10                              3   11            
    No                    31 (68.89)     6        25                              4   27            
  Depth of invasion                                     1.086   0.297                       0.846   0.358
    TI+T2                 20 (44.44)     3        17                              2   18            
    T3                    25 (55.56)     7        18                              5   20            
  TNM stage                                             1.684   0.194                       1.522   0.217
    II                    34 (75.56)     6        28                              4   30            
    III                   11 (24.44)     4          7                             3     8           
  Tumor location                                                                                    
    Upper thoracic        11 (24.44)     0        11    4.211   0.122             0   11    2.749   0.112
    Middle thoracic       30 (66.67)     9        21                              6   24            
    Lower thoracic        4 (8.89)       1          3                             1     3           
  Pathological type                                     0.817   0.366                       1.322   0.250
    Ulcerated             28 (62.22)     5        23                              3   25            
    Non-ulcerated         17 (37.78)     5        12                              4   13            
  Differentiation                                                                                   
    Poor                  14 (31.11)     3        11    0.030   0.985             1   13    1.097   0.578
    Middle                26 (57.78)     6        20                              5   21            
    Well                  5 (11.11)      1          4                             1     4           
  Smoking history                                       1.435   0.231                       0.048   0.826
    No                    21 (46.67)     3        18                              3   18            
    Yes                   24 (53.33)     7        17                              4   20            
  Family history                                        1.029   0.310                       0.085   0.771
    No                    40 (88.89)     8        32                              6   34            
    Yes                   5 (11.11)      2          3                             1     4           

TIM-3, T-cell immunoglobulin and mucin-domain containing-3; HEG, high-expression group; LEG, low-expression group.

###### 

Correlation between the expression of TIM-3 and galectin-9 protein in esophageal squamous cell carcinoma.

        Expression of galectin-9                 
  ----- -------------------------- ----- ------- ---------
  HEG     3                          7   −0.71   \<0.001
  LEG     4                        31            

TIM-3, T-cell immunoglobulin and mucin-domain containing-3; HEG, high-expression group; LEG, low-expression group.

###### 

Univariate analysis of the association of prognosis among clinicopatholocal parameters, TIM-3, galectin-9 in patients with esophageal squamous cell carcinoma.

  Parameters                                        Hazard ratio   95% confidence interval   P-value
  ------------------------------------------------- -------------- ------------------------- ---------
  Sex (female vs. male)                             0.837          0.303--2.306              0.730
  Age (≤60 vs. \>60 years)                          1.423          0.517--3.917              0.495
  Tumor size (≥5 vs. \<5 cm)                        0.360          0.116--1.121              0.078
  Lymph node metastasis (yes vs. no)                0.458          0.170--1.234              0.123
  Depth of invasion (TI/2 vs. T3)                   0.354          0.114--1.100              0.734
  TNM stage (II vs. III)                            0.179          0.066--0.485              0.001
  Tumor location(upper/lower vs. middle)            0.048          0.000--23,863.841         0.649
  Pathological type (ulcerated vs. non-ulcerated)   1.347          0.468--3.882              0.581
  Differentiation (poor vs. moderate/well)          1.629          0.591--4.488              0.345
  Smoking history (yes vs. no)                      1.158          0.434--3.088              0.769
  Family history (yes vs. no)                       25.568         0.57--11453.023           0.298
  TIM-3 expression (HEG vs. LEG)                    2.517          0.913--6.937              0.074
  Galectin-9 expression (HEG vs. LEG)               1.816          0.585--5.639              0.302

TIM-3, T-cell immunoglobulin and mucin-domain containing-3; HEG, high-expression group; LEG, low-expression group; TNM, Tumor-Node-Metastasis.

###### 

Multivariate analysis of the association of prognosis with clinicopathological parameters, and TIM-3 and galectin-9 expression, in patients with esophageal squamous cell carcinoma.

  Parameters                                        Hazard ratio   95% confidence interval   P-value
  ------------------------------------------------- -------------- ------------------------- ---------
  Tumor size (≥5 vs. \<5 cm)                        0.592          0.169--2.067              0.411
  TNM stage (II vs. III)                            0.148          0.022--1.007              0.051
  Lymph node metastasis (yes vs. no)                1.625          0.257--10.284             0.051
  Depth of invasion (TI/2 vs. T3)                   0.803          0.201--3.206              0.756
  Pathological type (ulcerated vs. non-ulcerated)   1.670          0.522--5.345              0.387
  Differentiation (poor vs. moderate/well)          1.094          0.307--3.900              0.890
  TIM-3 expression (HEG vs. LEG)                    1.102          0.292--4.157              0.886
  Galectin-9 expression (HEG vs. LEG)               0.905          0.189--4.322              0.900

TIM-3, T-cell immunoglobulin and mucin-domain containing-3; TNM, Tumor-Node-Metastasis; HEG, high-expression group; LEG, low-expression group.
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